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MAGNITUDE AND FREQUENCY OF FLOODS IN THE UNITED STATES

PART 8. WESTERN GULF OF MEXICO BASINS

By James L. PATTERSON

ABSTRACT

This report presents methods by which the magnitude and frequency of ex-
pected floods in the western Gulf of Mexico basins can be determined. Flood data
were used to define flood-frequency curves applicable to the area. Composite
frequency curves were drawn showing the relation of mean annual floods to
floods having recurrence intervals from 1.2 to 50 years. Other curves express
the relation of the mean annual flood to contributing drainage area. By com-
bining data from the composite and mean-annual-flood curves, flood-frequency
curves can be drawn for streams in the western Gulf of Mexico basins not ma-
terially affected by regulation, diversion, or other manipulations of man. Neither
of the above two types of curves should be extrapolated beyond the range defined
by base data. Frequency curves presented in this report were based on analysis
of flood records collected at gaging stations generally having 10 or more years
of record not materially affected by manmade changes. In general, very large
gtreams in the area do not lend themselves to regional analysis. Those streams
have been given special treatment in this report. A tabulation of peak gage
heights and discharges for most gaging stations in the report area having 5 or
more years of record are included.

INTRODUCTION

Knowledge of magnitude and frequency of floods is necessary for the
proper design of structures on the flood plains of streams. Such
knowledge is also necessary for sound flood-plain zoning and will
undoubtedly be used as a basis for establishing insurance rates for
flood damage. Proper design of structures on the flood plain requires
consideration of the flood hazard. Where the failure of structures
may result in the loss of human life or great property damage, design
is usually based on the maximum possible flood. However, in the
design of most structures such as bridges, culverts, highway embank-
ments, and buildings, where the inundation or loss of the structure
would cause only temporary inconvenience or moderate property loss,
economy will be achieved by designing for floods with frequencies
comparable to the expected life of the structure. Similarly, some land
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2 MAGNITUDE AND FREQUENCY OF FLOODS, PART 8

use requires complete protection from flooding, whereas other uses
permit relatively frequent inundation.

Flood-frequency reports have been published for Louisiana, New
Mexico, and Texas, which are partly in the area covered by this
report. Benson (1964) evaluated the effect of all known significant
variables on flood peaks in the western Gulf of Mexico basins.

This report describes methods by which the magnitude and fre-
quency of floods at most sites in the western Gulf of Mexico basins
can be determined by use of simple graphs, and presents tabulations
of all known significant flood peaks in the report area. The user
desiring results based on an evaluation of all known significant
independent variables is advised to use the formulas by Benson (1964).

ACENOWLEDGMENTS

This report was prepared in the Little Rock office of the U.S. Geo-
logical Survey. Technical assistance was furnished by Tate Dalrymple
and A. Rice Green, Washington, D.C. Basic data were compiled by
Geological Survey personnel of the Surface Water Branch in Colorado,
Louisiana, New Mexico, and Texas under supervision of their respec-
tive district engineers. The analysis for that part of New Mexico in
the report area was made by L. A. Wiard (1962).

Unless otherwise noted in the individual station descriptions, the
data were collected by the U.S. Geological Survey with the assistance
of many Federal and State agencies, municipalities, corporations, and
private individuals. Through 1960, credit has been given for the co-
operation in the annual series of water-supply papers of the Geological
Survey entitled “Surface Water Supply of the United States” and,
subsequently, in the annual Geological Survey surface-water reports
for the individual States. This report has been prepared as a special
project not included in the cooperative program.

DESCRIPTION OF THE AREA
RIVER SYSTEMS

The area included in the western Gulf of Mexico basins is composed
of southwestern Louisiana, all of Texas except the Panhandle and a
strip along its northern boundary, most of New Mexico, and south-
central Colorado. The location of the area is shown in figure 1. This
area includes all of the Gulf of Mexico drainage west of the Mississippi
River system. The major river basins in the area from east to west
are: Bayou Nezpique and Calcasieu in Louisiana; Sabine, which forms
the southwestern boundary between Louisiana and Texas; Neches,
Trinity, San Jacinto, Brazos, Colorado, Lavaca, Guadalupe, San
Antonio, and Nueces, which lie almost entirely within Texas; and the
Rio Grande and its principal tributary, the Pecos, which drain south-
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FIGURE 1.—Map of conterminous United States showing area covered by this report.
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F16URE 2.—Map of western Gulf of Mexico basins showing physiographic provinces. Broken lines indicate
boundaries are generalized.

western and extreme southern Texas and that part of Colorado and
New Mexico in the report area.

TOPOGRAPHY

The topography of the area covered by this report is diverse. The
western Gulf of Mexico basins extend into four major physiographic
divisions: (1) the Rocky Mountain System consisting of the Southern
Rocky Mountains in south-central Colorado and north-central New
Mexico, (2) the Intermontane Plateaus consisting of the Basin and
Range province in western New Mexico and that part of Texas west
of the Pecos River basin, (3) the Interior Highlands consisting of the
Great Plains province in southeastern New Mexico, the Texas Pan-
bandle, and south-central Téxas, and the Central Lowland province in
north-central Texas, and (4) the Coastal Plain which includes east
Texas and that part of Louisiana in the report area. These physio-
graphic divisions as defined by Fenneman (1931) are shown in figure 2.

Elevations range from sea level along the Gulf Coast to more than
14,000 feet for some peaks in Colorado. General land-surface eleva-
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tions range from sea level to about 8,000 feet at the base of the Sangre
de Cristo and the San Juan Mountains in Colorado.

In the Southern Rocky Mountain province and the Basin and
Range province, general land-surface elevations diminish from about
8,000 feet in Colorado to less than 2,000 feet along the Rio Grande at
the southeastern boundary of the Basin and Range province. This
area is bisected in a north-south direction by the Sangre de Cristo,
Manzano, San Andres, and Organ Mountains lying east of the Rio
Grande and the San Juan, Jemez, and San Mateo Mountains and
Black Range west of the Rio Grande. Large segments of this area
are in closed basins and do not contribute surface flow to defined river
systems discharging streamflow into the Gulf of Mexico. Closed
basins in the Southern Rocky Mountain province and the Basin and
Range province are: (1) the San Luis Valley in Colorado, (2) Estancia
Valley in central New Mexico, (3) Tularosa Valley in south-central
New Mexico, (4) Salt Basin in south-central New Mexico and west
Texas, and (5) Mimbres River basin west of the Rio Grande in southern
New Mexico. Rainfall in these basins will appear as surface runoff in
the upper mountainous reaches but is lost to evaporation or percolation
into the ground as it reaches lower elevations. Peak flows for the
Mimbres River are cited as an example. On the basis of gaging-
station data, the mean annual flood for the Mimbres River near
Faywood, N. Mex., is 4,500 cfs (cubic feet per second), whereas that
for Mimbres River at Deming, about 30 miles downstream, is only 540
cfs. A few miles downstream from Deming, the surface flow dis-
appears entirely.

The Great Plains province which includes southeastern New Mexico,
the Texas Panhandle, and south-central Texas, is composed of the
Pecos Valley, High Plains, Edwards Plateau, and the Central Texas
Sections. The principal relief in the area is provided by the Sacra-
mento Mountains in southeastern New Mexico and the Guadalupe
Mountains in southern New Mexico and western Texas. The Pecos
Valley section is bisected by the Pecos River. General land-surface
elevations range from about 2,500 to 5,000 feet. The High Plains is a
flat area in west Texas and southeast New Mexico, where general
land-surface elevations range from about 2,500 to 4,000 feet. This
area is dotted by thousands of playa lakes or ‘“pot holes” in which the
small amount of surface runoff collects and either percolates into the
ground or is lost to evaporation. Only on rare occasions will any surface
runoff from streams originating on the High Plains appear in the reaches
of the streams east of the High Plains escarpment. The Edwards
Plateau, and Central Texas section of the Great Plains province are in
south-central Texas. Streamsin thisarea generally have relatively steep
slopes and parrow, well-defined flood plains. General land-surface
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elevations range from about 800 to 2,500 feet. Tremendous floods
have occurred in this area and, considering drainage-area size and
rate of runoff, are among the greatest experienced in the United States.
A peak discharge of 580,000 cfs from a drainage area of 402 square
miles occurred on the West Nueces River near Brackettville, Tex.,
June 14, 1935.

The Central Lowland includes much of the north-central part of
Texas. The gently rolling topography of the area contrasts sharply
with the rougher terrain to the south and southwest.

The West Gulf Coastal Plain occupies most of southeast Texas and
that part of Louisiana in the report area. The West Gulf Coastal
Plain in central and south-central Texas is separated from the Edwards
Plateau by the Balcones fault zone, which forms the Balcones escarp-
ment extending from a point near Del Rio eastward to San Antonio
and thence northeastward to a point near Waco. North of Waco,
the boundary between the West Gulf Coastal Plain and the Great
Plains and Central Lowland is less distinet and is considered by some
geologists to be the contact between Lower and Upper Cretaceous rocks.
The topography of the West Gulf Coastal Plain ranges from low, rol-
ling hills in the inland areas to relatively flat terrain along the lower
reaches of the streams and along the Gulf Coast. Streams in this
area have fairly flat slopes and wide flood plains.

CLIMATE

Extremes in climate are experienced in the area. Conditions range
from humid in Louisiana and east Texas to semiarid in west Texas and
southern New Mexico. Mean annual precipitation is about 55 inches
in the eastern part of the area and decreases fairly uniformly to less
than 10 inches at El Paso. Northward from El Paso, the precipitation
increases to more than 20 inches in the high mountains of southern
Colorado. Rainfall is extremely erratic. Little or no precipitation
may occur for long periods in contrast to occasional tremendous
downpours.

A minimum annual precipitation of 1.00 inch was recorded at
Hermanas, N. Mex., in 1910, and a maximum of 98.08 inches was
recorded at Anahuac in Chambers County, Tex., in 1946. Some of
the highest rates of rainfall in the United States have occurred in the
area. At D’Hanis, Tex., 21.5 inches fell in 3 hours on May 31, 1935,
and at Thrall, Tex., 38.2 inches fell in 24 hours on Sept. 9-10, 1921.

Floods in the area are usually caused by tropical or semitropical
storms from the Gulf of Mexico. At times, large floods are caused by
tropical storms from the Pacific Ocean that cross the southern United
States and Mexico from the west. Some floods, such as those of
April-June 1957, are caused by precipitation due to cool air from the
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northwest colliding with warmer moisture-laden air from the Gulf of
Mexico. Great floods in late summer or early fall have occurred as a
result of hurricanes. Floods may occur during any month of the year.
In the eastern part of the area they occur most frequently during the
spring and early summer months. Most floods in the west are small-
area floods resulting from thunderstorms and generally occur during
the period July through September. In the high mountains of north-
ern New Mexico and Colorado, peak flows are usually the result of
snowmelt and occur during the period April to June.

FLOOD-FREQUENCY ANALYSIS
METHOD OF ANALYSIS

Methods used in the preparation of this report have been developed
by engineers of the U.S. Geological Survey over a period of years and
are outlined by Dalrymple (1960) and Benson (1962).

Peak discharge data collected at a single point on a stream (a gaging
station) are used to define flood-frequency relations at the gaging
station. These point relations are then combined to define regional
flood-frequency relations that can be applied over a broad area. On
the basis of data collected on many streams varying in type and in
size of drainage areas in the western Gulf of Mexico basins, two basic
relations were defined: (1) a curve showing the relation between the
ratio of a given flood to the mean annual flood and its frequency of
occurrence and (2) a curve showing the relation between the mean
annual flood and the drainage area.

RECORDS AVAILABLE

Peak-flow data at 569 gaging stations on streams in the western
Gulf of Mexico basins having 5 or more years of record are included
in this report. The locations of these gaging stations are shown on
plate 1.

Streamflow records for 298 of the gaging stations were used in the
analysis. In general, only records for those stations having 10 or
more years of peak-discharge record not materially affected by un-
natural conditions were used. Some of the larger streams have
experienced a relatively constant degree of regulation during a long
period of time. Records on these streams were used to define flood-
frequency relations under regulated conditions and are included in
the 298 gaging stations just noted.

FLOOD FREQUENCY AT A GAGING STATION

A flood-frequency curve based on records collected at a gaging
station indicates what has happened at that particular site during a
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specific period of time. If the period was not typical of the long-
term flood experience in the area, the station frequency curve will
be a poor basis for predicting future flood events. Furthermore,
information is generally wanted for an ungaged point. Therefore,
a frequency curve based on regional characteristics, as defined by
records for many gaging stations, is more reliable than one based on
flood experiences at a particular site. Exceptions would be points
on large streams having floodflow characteristics radically different
than those of smaller tributary streams. In order to define regional
frequency relations, it is first necessary to draw frequency curves for
individual gaging stations.
TYPES OF FLOOD SERIES

Flood data for a gaging station may be analyzed either as an annual
flood series or as a partial-duration flood series. Only the highest
peak in each water year (October 1 to September 30) is used in the
annual series, whereas the partial-duration series includes all peaks
above a selected base.

The annual flood series has been used in this report. Langbein
(1949) has shown that, for recurrence intervals of 10 or more years,
the two methods give practically the same results. Comparative
values of recurrence intervals by the two methods are shown in the
following table.

Recurrence intervals, in years

Partial- Partial-

duration duration
flood flood
Annual flood series series Annual flood series series

116 - ... 0.5 106 . o __ 10
1.58 . . 1.0 20.5_ 20
2.00. ... 1.45( 50.5. . ______ 50
2,54 . 2.0 [100.5. - ... 100
5.52 . 5.0

The preceding table can be used to compute recurrence intervals
for partial-duration series from curves based on annual series. There
is a distinction in the meaning of “recurrence interval’’ between the
two series. In the annual flood series, the recurrence interval is the
average interval of time within which a given flood will be equaled
or exceeded once as an annual maximum. In the partial-duration
flood series, the recurrence interval is the average interval of time
within which a given flood will be equaled or exceeded once without
regard to the relationship to the year or any other period of time.

FLOOD-FREQUENCY CURVES

Methods of preparing flood-frequency graphs for a particular gaging
station have been explained in numerous other publications, notably
one by Dalrymple (1960).
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In this report, data used to define frequency curves at gaging stations
were plotted on a special form based on the theory of extreme values.
The time scale as devised by Powell (1943) tends to make the fre-
quency curve plot as a straight line for many gaging stations. Re-
currence interval, the time scale of the curve, was computed by the
formula 7= (n-1)/m, where T is the recurrence interval in years, n
is the number of years of record, and m is the order number, beginning
with the largest flood as number 1. The frequency curve for Navasota
River near Easterly, Tex., is shown in figure 3 as an example. This
curve is based on 36 years of record (1925-60). The greatest flood
during this period was 60,300 cfs occurring May 2, 1944. By sub-
stituting in the formula just given, the recurrence interval was com-
puted as T=(36-+41)/1=37 years. Recurrence intervals for each of
the other 35 annual peaks were computed in the same manner and
plotted in figure 3 against corresponding discharge. After plotting
the points, a curve was fitted to the points by visual inspection.
Because most streamflow records are relatively short, this method is
considered preferable to analytical curve fitting.

Histerical flood information has been collected at many gaging
stations, and was used to aid in defining the upper end of frequency
curves. At the Navasota River gage near Easterly, Tex., it is known
that a peak discharge of 90,000 cfs occurred in June 1899. It is also
known that this was the greatest flood since at least 1845 (116 years).
The recurrence interval for this historical flood was computed as
(11641)/1=117 years, the abscissa plotting position in figure 3.

Recurrence interval is the average interval of time within which a
flood of a given magnitude will be equaled or exceeded once. A flood
having a recurrence interval of 10 years has a 10-percent chance of
recurring in any year. A 50-year flood has a 2-percent chance of
recurring in any year. There is no implication that a 10-year flood

100 T T T T
1899 flood greatest~
since at least 184

80

A
L~

P

o>

ﬂ/

5 10 20 50 100
RECURRENCE INTERVAL, IN YEARS

60

40

20

DISCHARGE, IN THOUSANDS
OF CUBIC FEET PER SECOND

N

1.01 1.1 1.5

FIGURE 3.—Flood-frequency curve, Navasota River near Easterly, Tex.
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will occur each 10 years, or that one 50-year flood will occur each 50
years. Owing to the vagaries of nature, several large floods may
occur during a relatively short period of time or there may be a period
of several years without an outstanding flood. Discharge records
for Nueces River at Laguna, Tex., illustrate this point. The fre-
quency curve for the above gaging station indicates that the peak dis-
charge for the 10-year flood is 112,000 cfs. During the 5-year period
from 1935 to 1939 there were three floods whose peak discharge ex-
ceeded this value, whereas during the 9-year period from 1940 to 1948
the greatest discharge experienced was 19,600 cfs having a recurrence
interval of 2.6 years.

REGIONAL FLOOD FREQUENCY

A flood-frequency curve for a single site for a specific period of time
cannot be used as a reliable means of defining frequency relations on
‘nearby ungaged streams or at other points on the same stream. The
use of such a frequency curve is questionable, even for the site for
which it is drawn, since the period of peak-flow records may not be
representative of a long-term period.

The limitations of frequency curves based on flood data at a single
gaging station led to the development of methods of combining data
for individual sites and relating flood-frequency functions to meas-
urable characteristics of drainage basins.

Flood-frequency curves have been combined in two ways. First,
the records were combined on the basis of similarity of slope of the
individual frequency graphs. This step defined a composite dimen-
sionless frequency curve representing the ratio of the flood of any
frequency to an index flood (the mean annual flood). Second, a
curve of relation was defined between drainage area and the mean
annual flood based on gaging-station records. The mean annual flood
can be predicted at any point in the area by using the relationship
defined in the second step. Flood-frequency curves for most sites in
the area can be drawn by use of the two sets of curves.

MEAN ANNUAL FLOOD

The mean annual flood for a gaging station is, by definition, a flood
having a recurrence interval of 2.33 years in the annual flood series.
- According to the theory of extreme values, the mean of all the annual
floods has a value corresponding to the flood of a 2.33-year recurrence
interval. The mean annual flood has been found to be a good index
of the geographical variation of floodflow and has been used as an
index flood in this report. It can be defined graphically by a rela-
tively short period of record.
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TEST FOR HOMOGENEITY

Before combining a group of station records, a test should be made
to insure that all stations selected for inclusion within a region have
similar flood-frequency characteristics. A homogeneity test was made
to determine whether the slope of the individual curves differ more
than might be expected in random sampling.

The slope of the frequency curve used in the homogeneity test was
expressed by the ratio of the 10-year flood to the mean annual flood.
This ratio was used because both the 10-year and the mean annual
flood can be determined with reasonable accuracy for gaging stations
with relatively short periods of record.

COMPOSITE FREQUENCY CURVES

The western Gulf of Mexico basins were divided into 11 homogene-
ous regions (A-H, J-L) on the basis of the homogeneity test. Records
for stations in each of these regions were combined to give dimension-
less frequency curves. These curves represent the ratio of floods of
any frequency to the mean annual flood and are shown in figures 4
and 5. Region boundaries are outlined on plate 1.

MEAN ANNUAL FLOOD RELATION

After deriving composite frequency curves which define dimension-
less ratios to the mean annual flood for floods of other
recurrence intervals, the next step is to relate the mean annual flood
to measurable drainage basin characteristics.
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FIGURE 4.—Frequency of annual floods, regions A-D, H, and L.
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The magnitude of the mean annual floed is influenced by many
factors both physical and climatic. The size of the contributing
drainage is the most important factor, and, for simplicity, was the
only factor used in this report.

The mean annual flood was graphically correlated with drainage
basin size. On the basis of this correlation, 15 hydrologic areas were
defined. Area boundaries are outlined on plate 1. Curves showing
the relation of mean annual flood to contributing drainage area are
shown in figures 6-9.

APPLICATION OF FLOOD-FREQUENCY DATA

Procedures for determining the magnitude of floods having re-
currence intervals ranging from 1.2 to 50 years are outlined in this
section. Extrapolation of data beyond the limits indicated by
regional curves is not recommended. Mean-annual-flood curves
shown in figures 6-9 indicate the range of drainage area sizes for
which the mean annual flood is defined in each hydrologic area.
Composite frequency curves shown in figures 4 and 5 are defined
only from a 1.2- to a 50-year recurrence interval.

Frequency relations are not as well defined for the smaller basins
as for those having drainage areas of 100 square miles or more because
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of the paucity of long-term records for drainage basins smaller than
100 square miles.

Flood-frequency relations for some parts of the area are not defined,
nor can they be safely estimated from relations derived for adjacent
areas. The undefined areas are indicated by hatched lines on plate 1.

On the basis of streamflow records, a drastic reduction is apparent
in peak flow on streams in the Nueces River basin as the streams
leave the Edwards Plateau, cross the Balcones escarpment, and
flow through the Gulf Coastal Plain toward the Gulf of Mexico.
The reduction in peak flow is probably caused by several factors,
among which are: (1) loss to Edwards limestone in Balcones fault
zone, and perhaps to other permeable formations downstream from
the fault zone, (2) flattening of basin slopes in the Gulf Coastal
Plain, (3) increase in natural flood storage, and (4) difference in
rainfall pattern.

On the Nueces and Frio River main stems, the reduction of peak
flows is defined by gaging stations upstream and downstream from the
escarpment. For Blanco and Sabinal Rivers and Seco and Hondo

Jreeks, flood-frequency relations are defined only upstream from the
escarpment. Regional curves should not be used to compute fre-
quency relations on these streams below the escarpment.

REGIONAL APPLICATION

The magnitude of floods having recurrence intervals ranging from
1.2 to 50 years can be determined for sites on most streams in the
western Gulf of Mexico basins by the following procedure:

1. Determine the size of the contributing drainage area above the site.

2. From plate 1 determine the flood-frequency region and hydrologic
area in which the site is located.

3. Determine the mean annual flood for the site from the appro-
priate hydrologic area curve, figures 6-9.

4. From figure 4 or 5 determine the ratio to mean annual flood for
the flood of the selected recurrence interval.

5. Multiply the ratio to mean annual flood (step 4) by mean annual
flood (step 3).

6. A complete frequency curve for the site can be defined by re-
peating steps 4 and 5 for several selected recurrence intervals.

SPECIAL APPLICATION

Some streams do not lend themselves readily to regional analysis.
These are usually large streams that traverse regions of diverse
climatic and physical characteristics and integrate floodflow char-
acteristics of all the areas through which they flow. They have
flood-frequency relations differing from those of smaller tributary
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streams. Regional and areal curves are not applicable and special
treatment must be given these streams. They may be placed in
two entegories: (1) these streams for whieh one or more eemposite
frequency curves (fig. 4 or 5) are applicable, whereas mean annual
curves are net, and (2) these for which neither composite frequency
curves nor mean annual floed curves are applicable.

Those streams falling in the first category are main stem of:

Guadalupe River below Comfort
San Antonio River below Medina River
Jemez River below Rio Guadalupe

For Guadalupe River, a curve showing variation of mean annual
flood with miles above mouth was drawn and is shown in figure 10.
For San Antonio and Jemez Rivers individual curves showing var-
iation of mean annual flood with drainage area were drawn and are
shown in figure 11.

Flood magnitudes at sites below points indicated on these streams
can be determined as outlined under ‘“Regional Application” except
that values of mean annual floods are taken from figure 10 or 11.

Those streams falling in the second category are main stem of:

Sabine River below Big Sandy Creek

Neches River below Flat Creek

Angelina River below East Fork Angelina River

West Fork Trinity River below Clear Fork, and Trinity River
Clear Fork Brazos River below Paint Creek, and Brazos River
Colorado River below Beals Creek

Nueces River below West Fork Nueces River

Frio River below Dry Frio River

Rio Grande below Willow Creek

Rio Chama below Willow Creek

Rio San Jose and Rio Puerco below Rio San Jose

Pecos River below Anton Chico gaging station

For these streams, families of curves were drawn showing relation
of discharge for selected flood frequencies to drainage area or miles
above mouth. The curves are shown in figures 12-25.

Flood magnitudes for selected recurrence intervals at sites on these
streams can be taken directly from the family of curves by first de-
termining the contributing drainage area above the site or distance
upstream from the mouth. River miles used in this analysis were
determined by the U.S. Army Corps of Engineers except for streams
in the Rio Grande basin, for which river miles were either furnished
by the International Boundary and Water Commission or computed
by the Geological Survey.
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FIGURE 11.—Variation of mean annual flood with drainage area on main stems of San
Antonio River below Medina River and Jemez River below Rio Guadalupe.
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in table 1 and plate 1.
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FI1GURE 13.—Relation of dischZrge for selected flood frequencies to drainage area, Neches River main stem
below Flat Creek and Angelina River main stem below East Fork Angelina River.

In general, flood-frequency relations are shown for natural condi-
tions. For the lower reaches of some of the major rivers, peak flows
have been materially affected by a relatively constant degree of
regulation during most of the period for which records have been
collected. Frequency curves for regulated conditions for parts of the
main stem of these rivers have been drawn. Data upon which these
curves are based are explained in the following sections.

COLORADO RIVER

Since storage began in Buchanan Reservoir in 1937 and in Lake
Travis in September 1940, peak discharges below Austin have been
materially affected by storage. Peak flows on the lower reaches of
the Colorado River are caused largely by runoff from tributary streams
below Austin. The family of curves shown in figure 17 is based on
peaks under regulated conditions for the period 1941-60. Frequency
relations are not defined for recurrence intervals longer than 25 years
because of the relatively short period of record available.
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F1GURE 16.—Relation of discharge for selected flood frequencies to contributing drainage area, Colorado
River main stem between Beals Creck and Austin, Tex. Numbers refer to gaging stations shown in
table 1 and plate 1.

RIO GRANDE

Peak flows of the Rio Grande are affected to some extent by reser-
voirs on the main stem and on tributary streams. Elephant Butte
Reservoir on the Rio Grande in New Mexico (capacity, 2,206,800
acre-ft, survey of 1957) completed in 1916 and La Boquilla Reservoir
on Rio Conchos (capacity, 2,417,500 acre-ft) completed in 1914 were
the first reservoirs in the basin to affect peak flows below Elephant
Butte Dam. Although several other large reservoirs have been
built in the basin since 1916, their effect on peak flows of the Rio
Grande main stem between Elephant Butte and Falcon Dams is
probably not appreciable. Since completion of Falcon Dam in 1953,
peak flows below this point have been largely regulated. The family
of curves shown in figure 21 is based on observed data for the period
1916-60. No attempt was made to adjust to natural conditions.
Peak-discharge data for the historical flood of 1865 were used in the
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FIGURE 17.—Relation of discharge for selected flood frequencies to miles above mouth for regulated condi-
tions, Colorado River main stem below Austin, Tex. (1941-60). Numbers refer to gaging stations shown
in table 1 and plate 1.

definition of frequency relations. Flood-frequency relations are not
defined below Falcon Dam because of regulation by Falcon Reservoir
and a large amount of floodflows bypassing gaging stations along the
lower reach of the Rio Grande.

PECOS RIVER

Peak flows on the Pecos River between Red Bluff Dam and the
gaging station near Sheffield, Tex., are affected by regulation by several
upstream reservoirs. Flood-frequency relations shown in figure 25
are based on regulated conditions for the period 1939-60, and are not
defined for recurrence intervals longer than 25 years. Peak flows at
the mouth of Pecos River are almost entirely due to runoff from the
area below Sheffield and are not materially affected by regulation.
On the basis of records collected at gaging stations near Comstock and
near Shumla, the magnitude of a flood having a recurrence interval of
50 years is about 200,000 cfs. Peak discharge of 948,000 cfs for the
unprecedented flood of June 28, 1954, at the gaging station near Com-
stock was about five times as great as the 50—year flood and more than
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Fi1GURE 18.—Relation of discharge for selected flood frec ies to miles above mouth, Nueces River main

stem below West Nueces River. Numbers refer to gaging stations shown in table 1 and plate 1.

eight times the previous maximum discharge experienced during the
period of record beginning in 1901. This flood originated in the area
below Sheffield.

SUMMARY

Methods outlined in this report can be used to predict the most
probable value of flood magnitudes for selected recurrence intervals
expected to occur over a long period of time. The information given
in this report cannot be used to predict the date of occurrence of any
future flood and does not imply that a flood having a specific recur-
rence interval will occur on schedule at regular intervals. Possibly,
several large floods may occur within a period of a few years, or
several years may pass without experiencing a major flood.

In general, flood-frequency relations defined in this report are based
on natural flow conditions in the report area and are not applicable
for streams whose peak flows are materially affected by manmade
changes. Curves presented are based on all available data through
the 1960 water year. A great deal of historical flood information has
been collected in the area and was used in the analysis. The composite
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F1GURE 19.—Relation of discharge for selected flood frequencies to miles above meounth, Frie River main
stem below Dry Frio River. Numbers refer to gaging stations shown in table 1 and plate 1,

frequency curves (figs. 4 and 5) cannot be used with confidence beyond
50 years, nor should curves showing relation of mean annual flood to
drainage area be extended above or below the limits of the curves.

Frequency curves for the main stem of Colorado River below Austin,
Tex., Rio Grande between Elephant Butte and Falcon Dams, and
Pecos River below Red Bluff Dam are based on regulated conditions
for periods indicated, because there was little change in the effect of
regulation on peak flows.

Frequency relations are not as well defined for the small basins as
for those having drainage areas of 100 square miles or more because
of the paucity of long-term records on drainage basins smaller than 100
square miles.
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FIGURE 22.—Relation of discharge for selected flood fri ies to drainage area, Rio Chama main stem
below Willow Creek. Numbers refer to gaging stations shown in table 1 and plate 1.

FLOOD RECORDS AT GAGING STATIONS AND MIS-
CELLANEOTUS SITES

MAXIMUM EKNOWN FLOODS

Maximum known flood stages and discharges at gaging stations
having 5 or more years of record are shown in table 1. Other pertinent
station data are also listed in this table. Peak discharges have been
determined at many miscellaneous sites in the report area. Data for
these sites and for outstanding floods at gaging stations having less
than 5 years of record are summarized in table 2.

Following tables 1 and 2 is a section that contains a brief description
and tabulation of flood peaks for all stream-gaging stations having
5 or more years of record through the 1960 water year. All peaks
above a selected base are shown for most stations. Only the highest
peak during the year (annual flood) is shown for some stations.

Station records are presented in downstream order, in accordance
with the system used in U.S. Geological Survey Water-Supply Papers
since 1951. The number preceding the station name is a permanent
reference number used in all U.S. Geological Survey Water-Supply



31

FLOOD RECORDS AT GAGING STATIONS AND MISCELLANEOUS SITES

*1 oye(d puSB | O[qB) U} LMOYS
suope)s SuiSes 0} 10Jo1 SIQWINN 980 WBS OFY JO YIMOT MO[0q WI0)S WEW 00Jong o} Pus uopels Smsed sjusip
MO70q 950 UBF O1Y ‘0019nJ OFY JO YITOUL DA SOTWI 0 $O[oUdNbAI) POOY PIJOR[es J0f OSIBYDSIP JO WOYERY—'gZ AAAOLT

SINW NI '00d3Nd OlY 40 HLNOW 3JA08Y 3JONVLISIO

0 01 0¢ 01 (94 0S 09 0L 08 06 001 §
£l > > 20
53 31 3
Qo o
¢ $1¢ _
E o o x
> g1¢ Ll g
% m...llm \ 1 G0 %
T Q o | I
e ! 2
i 2
i =
7 1 =z
/i -
I
| [}
i <
&
o » | z =
o319y oy Tasof Uesg oly fo 3 | Zz
: Q \u 4 i ]
: LA 2
(7 o
3 b
_[_...I\ \ % -
| A5 Lle &
| X /1 ! o
i \ yd } -
i LA | m
Poojyjenuue ueoyy T N\\ 4 o1 =
T g ! A
! n | b1
! »
_ “ | | B
—— : } “ 0z Q
A -
1} 1eeh-o1 “ “ “ =
Uoo_m JeaA-Gz } } ;
4 PooyieeA-gg pA & &
g 5 5 8 o




32 MAGNITUDE AND FREQUENCY OF FLOODS, PART 8

100

73] [=] 0| l Q ww| v
L O L. M __ 0. ETe T L0 Ny, J—
mER LA
a
Il I i 1
5 1 ! P — ] N
S B-EL ' 1A
»n Y
e 50— LA 25-year 11094 — [ | \ | /u
r % ! \r !
- LA /— ! LA
} —
‘Lﬂ | ] ' £ od // ] \ ] ]
w ] ] 10-year 1102~ ] !
) { . T I N i
o i /l | | {
2 | ! | |
(] I/ = : II A
o |
] A7
g 2O T Il |l AR
o ! | | I :
z | i | et
& Eol | el
-t I 1
Q | | flood ! iy
El M eanjannual 2905 ———"T""N HE
z oA [\ N b
1 " N
&9 / \ 1 1
]
§ \ 1l l
(&7 ] I :
2] e |
(=) ] I '
|
5
i
4
[ 2 r 6 ] 10 12 14 16 18 20 22

CONTRIBUTING DRAINAGE AREA, IN THOUSANDS OF SQUARE MILES

F16URR 24.—Relation of discharge for selected flood frequencies to contributing drainage area, Pecos River
main stem between Anton Chico gaging station and Red Bluff Dam. Numbers refer to gaging stations
shown in table 1 and plate 1.

Papers since 1958. This number is also shown on plate 1 and in
table 1.

The peaks are arranged by water years unless otherwise noted.
The water year begins October 1 and ends September 30, and is
identified by the year in which it ends. Thus a peak that occurs in
October, November, or December of 1950 would be listed in the 1951
water year.

Both peak stages and discharges are usually listed. For a few
stations, only peak stage or discharge is shown. If the peak stage
and discharge do not occur on the same day, the date of peak dis-
charge is given with appropriate footnote to indicate the date of peak
stage.

Peak discharges, unless otherwise noted, are instantaneous peaks
in cubic feet per second (cfs). For a few stations, only maximum
daily mean discharges are available and are so listed with appropriate
footnotes.



FLOOD RECORDS AT GAGING STATIONS AND MISCELLANEOUS SITES 33

I = - g g
Q &
200 —3—3—I§ 3 3 3 3
2o | i | ! 50-year flood / |
e )| | I I
1 | | | ]
s 1 Vi
00— 0T ! 1 . 7/
[ T H T T M V4 yA
e T : 7
4 T ¥ T T T T 7 N
e} 1 1 ] }
QS | | | | /1 /
&5 50 T t i ] /
@ ' ' } +
W T T T |
a [ | | | /
- - I | ) |
& Ll | ! )4 / /
I 1
b I\ I | _/ |
O 20 =T Y7 25-year + flood —pes T T
o | Mo
3 by : : '
© SRR !
w ! | ]
S ™~ | ! I
4 | | M /
v 10 1\ ] H V4
% —Y{ t 7
& H ear 4 _flood " 7/
3 TN T 10ye . I -4
E 5 ! J | | + /
z L ! 1/
= R t 74
) i ! ! i ]
[G] : 1 } 1 —+
4 p 1 )
I P! ! |
Q N ! | ) |
2 2 | [ 1
a | | 1
! | |
| | |
1 +
Mean B 4
i 230 annual fiopy !
\m% |
L]
0.5
20 22 24 26 28 30 32 34 36
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F1GURE 25.—Relation of discharge for selected flood frequencies to contributing drainage area for regulated
conditions, Pecos River main stem below Red Bluff Dam (1939-60). Numbers refer to gaging stations
shown in table 1 and plate 1.

Underlines in the tables of peak stages and discharges have the
following significance:
1. Line under ‘‘water year’’ column means a discontinuous record.
2. Line beginning at ‘‘date” column and continuing through ‘‘dis-
charge”” column means a change in site and datum.
3. Line in ‘“date” and ‘“discharge’” column means a change in site
without a change in datum.
4. Line in ‘“‘gage height’’ column means a change in datum only.
5. No underlines are used for changes in site or datum, if peaks have
been adjusted to present conditions.
Depressions or closed basins in west Texas, New Mexico, and

762~907 O - 65 - 4
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Colorado do not permit direct surface runoff to defined streams. Such
areas have been deducted from the total drainage area above a gaging
station to determine the area that contributes directly to surface
runoff. Except for stations in the Rio Grande basin, both total and
contributing drainage area are shown. Only contributing area is
used in flood-frequency analyses. The bankfull stage has been noted
in station descriptions where it has been determined. This is the
stage at which one or both banks are overtopped in the vicinity of
the gage and is sometimes referred to as flood stage.

An explanation of methods used in computation of streamflow
data is given, prior to 1961, in each water-supply paper of the annual
series of reports of the U.S. Geological Survey entitled ‘‘Surface
Water Supply of the United States” and, since 1960, in the annual
U.S. Geological Survey surface-water reports for each State. Addi-
tional information is given in standard texts and by Corbett and
others (1943).

Gaging-station records less than 5 years in length at the end of the
1960 water year, records on irrigation and diversion canals, and
records of spring flow are not included in this report.
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100. Bayou des Cannes near Eunice, La.

Location.--Lat 30°29'00", long 92°29'25", in SWiSEL sec.32, T.6 S., R.1 W.,
oulsiana meridian, on left bank at downstream side of bridge on U.S. High-
way 190, 3 miles downstream from New Orleans, Texas and Mexlco Rallroad
bridge and 4 miles west of Eunice.

Drainage area.--181 sq mi.

Gage .--Nonrecording prior to Jan. 17, 1940; recording thereafter. Datum of
gage 1s 14.84 ft above mean sea level, datum of 1929 (Loulsiana Geodetic
Survey bench mark; levels by Corps of Englneers). Auxiliar{ nonrecording
gage at site 1.8 miles downstream Oct. 1, 1943, to Nov. 1, 1950; recording
thereafter. Datum of auxiliary gage is 13.70 ft above mean sea level.

Stage-discharge relation.--Defined by curr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>